Fagus sylvatica, Seed Oil Composition. Acyl Lipids, Sterols
Introduction
Fagus sylvatica L ., popularly known as Common or European Beech is a common forest tree in Cen tral and South E urope including British Isles, ex tending to Crim ea [1] . These trees grow up to 30 to 45 m and yielding nuts with a size of 12 to 18 mm [2, 3] . Beech nuts have been used as food for man and animals since ancient times. Eventhough the nuts are reported to be containing low molecular weight toxic com ponents [4] , the oil was reported to be a good source for edible purpose because of its good taste and stability. The physical and chemical characteris tics of the beech seed oil [5, 6 ] and the fatty acid composition of its triacylglycerols [7] were reported earlier. H ow ever, the complete lipid composition of the seed oil has not been found in the literature. Hence the present study describes the total composi tion of the individual lipid classes namely triacylglyc erols (T G ), diacylglycerols (D G ), monoacylglycerols (M G ), free fatty acids (FFA ), phospholipids (PL) and sterols (SL) including the fatty acid composition of acyl lipids. These analyses are in continuation with the study of the epicuticular waxes of beech leaves and seeds [8 ] .
Materials and Methods
The beech seeds were harvested in 1986 and ob tained from "Staatliches Forstam t O errel" in Mün-R eprint requests to Dr. P.-G . Gülz.
Verlag der Zeitschrift für Naturforschung. D-7400 Tübingen 0341-0382/89/0900-0735 $ 01.30/0 ster-O errel. Moisture content was determ ined by heating the seeds in an oven at 110 °C for 3 h. The seeds (50 g) were homogenized with an Ultra-Turrax and extracted thrice with a mixture of chloroform : methanol (2:1, 150 ml) for 5 min. The extract was filtered, evaporated, dissolved in diethyl ether and dried over magnesium sulphate.
A part of the lipid extract (5.222 g) was separated into different fractions by silica gel column chrom atography [9] . The elution was done with chloroform , acetone and methanol. The chloroform fraction contained TG , acetone eluted D G , MG, FFA and SL and m ethanol eluted PL.
The acyl lipids and sterols were qualitatively iden tified by thin-layer chrom atography (TLC) after de veloping with a solvent system (Solvent I) hexane: diethyl ether: acetic acid (60:40:1) along with authentic samples (Sigma, Deisenhofen). The spots were visualized with iodine vapours. The presence of SL was further confirmed by carbazole spray [10] with Solvent II, dichlorom ethane: ethyl acetate (24:1). The acetone eluate was separated into indi vidual lipid classes by preparative TLC using Solvent I and estim ated by GC quantitatively [11] using methyl heptadecanoate (17:0) as an internal stand ard. The phospholipid fraction (m ethanol eluate) along with authentic samples (pure phospholipids were gifted by Prof. H. Debuch, Institut für Phy siologische Chemie, Universität zu Köln, Köln) was developed with Solvent III [12] , chloroform: ac eto n e : m ethanol: acetic acid:w ater (5:2:1:1:0.5) and Solvent IV chloroform : m eth an o l: acetic acid (65:28:8) separately. The spots were visualized with different spray reagents such as a) molybdenum blue [13] specific for all phospholipids, b) ninhydrin rea gent [14] for ethanolam ine or serine containing phos pholipids, c) D ragendorff reagent [15] for choline containing phospholipids and sodium m etaperiodatebenzidine [16] for inositol containing lipids. The indi vidual phospholipids were separated from the m eth anol fraction by preparative TLC using Solvent III and quantified by phosphorus assay according to B artlett [17] .
Methyl esters of fatty acids from TG , D G , M G, FFA , PI and PE were prepared by refluxing with 2 N HCl/m ethanol for 3 h.
GC was carried out with a H ew lett-Packard 5710 unit fitted with a FID and an integrator 3380 S. Acylglycerols and sterols were analyzed on a capillary column OV 1 (10 m) and fatty acid methyl esters on FFA P (10 m) column. The column tem perature was program m ed between 150-340 °C as required. GC- 
Results and Discussion
The total lipid extract obtained was 40.7% of the beech seeds based on dry basis. Because of its high content of oil, these seeds are a good source for edible or industrial uses.
The m ajor component in the oil is TG with 94.8% followed by SL (0.9% ), DG (0.8% ), PL (0.7% ), FFA (0.5% ) and MG (0.3% ) ( Table I) .
The TG (94.8% of oil) was fractionated in a pure form with chloroform. The fatty acid composition of TG (Table II) is in good agreement with earlier studies reported by Neubeller and Buchloh in 1971 [7] , The predominant fatty acids present in TG were linoleic (18:2) and oleic (18:1) followed by palmitic (16:0), gadoleic (20:1), linolenic (18:3) and stearic (18:0) acids in small quantities. The molecular species of TG (Table III) were studied by GC on the basis of chain length. The retention times of the molecular species of different TG were determ ined using authentic samples. The m ajor molecular species of the beech oil TG was C-57 (55.8% ) with three C-18 fatty acids. The next m ajor molecular species are C-55 (26.3%) with di-C-18 + mono-C-16 and C-59 (13.7%) with di-C-18 + mono-C-20. The C-53 and C-61 species were found in m inor quan tities. Similar molecular species composition was found even after the hydrogenation of TG with pal ladium as catalyst. Results in parenthesis were reported by N eubeller and Buchloh [7] . + = Traces < 0.1% . 
The acetone eluate (2.5% of the total oil) was found to contain M G, D G , FFA and SL. Normally these lipid classes are eluted with chloroform [9] but in the present investigation all these classes could able to elute selectively with acetone immediately after TG with chloroform. All the lipid classes in acetone eluate were identified by TLC along with authentic samples using Solvent I. The presence of SL (R f 0.25) was further confirmed with a positive (pinkish-violet) carbazole reaction after developing with Solvent II. M G , DG and FFA were separated into individual classes by preparative TLC from acetone eluate using Solvent I and estimated quan titatively using methyl heptadecanoate as an internal standard and found to be 0.3, 0.8, and 0.5% respec tively of the oil (Table I) . M G, D G and SL were resolved by GC with OV 1 capillary column and con firmed with the retention times of the authentic sam ples. Based on the peak area per cent, the SL content was com puted as 0.9% of the beech seed oil.
The sterol fraction constituted ß-sitosterol and stigmasterol with 89.3 and 10.7% respectively. The presence of sterols was further confirmed by GC-MS data [18] .
The fatty acid composition of the M G, D G , and FFA were also analyzed by GC (Table II) . Linoleic was found to be the m ajor fatty acid followed by oleic as in TG. But the content of palmitic was con siderably increased in M G and DG than in the TG.
The methanol fraction (0.7% of the oil) contained phospholipids. Qualitative analysis based on re sponse to specific spray reagents and comparison of Rf values with authentic samples indicated the pres ence of phosphatidylethanolam ine (PE) (/?f3, 0.45; 7?f4, 0.45) and phosphatidylinositol (PI) (/?f3, 0.15; /?f4, 0.25). Phosphatidylcholine (PC) was found only in traces with undetectable amounts. The quantifica tion of phospholipids was carried out on a colorimet ric estimation of phosphorus and PI and PE were found to be present in 55.1 and 44.9% respectively. In general, oil seeds contain PC, PE and PI as the m ajor phospholipids [19] [20] [21] [22] [23] . Only traces of PC in beech seed oil is an unusual observation. The indi vidual phospholipids PI and PE were isolated in pure form by preparative TLC using Solvent II. The pre dom inant fatty acid in PI and PE was oleic and the content of palmitic was found to be significantly higher than in TG.
